Objective: To document the asymmetrical functional brain lesions in corticobasal degeneration (CBD) using proton magnetic resonance neurospectroscopy (MRS) and EEG cartography (EEGq). Methods: Eight patients with probable CBD were included in the study after full neurological examination and extensive neuropsychological testing, single photon emission computed tomography, anatomical x ray tomodensitometry (TDM), magnetic resonance imaging, and MRS examination. Results: MR spectra were abnormal in all seven patients in whom the examination could be completed. The EEG was also always modified in the CBD patients, and the abnormalities were enhanced by activation procedures. There was a good correlation between MRS anomalies and clinical presentation, between EEG modifications and neuropsychological patterns, and between metabolic (MRS) impairment and electrophysiological (EEG) slowing. Conclusions: These results confirm the asymmetrical features of CBD. Combined EEGq/MRS examinations at disease onset and during its subsequent course could provide strong diagnostic evidence of CBD.
C orticobasal degeneration (CBD) is an uncommon degenerative disease characterised by gradual progression of strikingly asymmetrical motor features that are often similar to those of Parkinson's disease. 1 2 In addition to extrapyramidal symptoms related to basal ganglia dysfunction, cognitive deficits are frequent. The cognitive signs (aphasia, apraxia, frontal syndrome, visuospatial deficits) also predominantly involve one hemisphere both at the onset and during progression of the disease. Sometimes these signs are the presenting features of the disease. 3 Conventional electroencephalography (EEG) may be normal at the start of the disease, and often remains unchanged as the disease progresses. In some patients there may be a unilateral slowing, which becomes generalised as the disease evolves. 2 Brain imaging has shown unilateral atrophy as well as a reduction in glucose metabolism, mainly in the thalamoparietal system and in the frontoparietal areas contralateral to the symptomatology. 4 A significant and sometimes asymmetrical neuronal loss (low N-acetyl-aspartate signal) has been observed by in vivo proton magnetic resonance spectroscopy (MRS) in various areas, including the centrum semi-ovale, the lentiform nucleus, the putamen, the frontal lobes, and the parietal cortex. [5] [6] [7] Finally, neuropathological examination has demonstrated cortical degeneration in CBD (with histological lesions belonging to the Pick's complex entity) and lesions of the substantia nigra with a diffuse reduction in striatal dopamine concentrations. 1 Our aims in this study were first, to document the asymmetrical brain degeneration using single voxel neurospectroscopy (MRS) of the parietal cortex (in view of the frequent occurrence of apraxia in CBD) and EEG cartography (EEGq); and second, to evaluate the correlation between the paraclinical variables and clinical (neuropsychological and motor) status.
METHODS

Patients
We studied eight patients (six women, two men, aged 58 to 75 years) meeting the Riley and Lang criteria for CBD. 8 They presented with mainly cognitive signs, or else their disease had started with cognitive symptoms. The follow up lasted from two to five years.
All the patients were submitted to full conventional neurological examination and extensive neuropsychological testing. A summary of the main clinical and paraclinical data is given in table 1. Quantitative EEG and neurospectroscopy were carried out in, respectively, six and seven of the patients. Five patients had both examinations.
MR spectroscopy
Proton single voxel MRS was done using a Siemens Symphony Quantum system (1.5 T), during the standard MRI procedure. For all data acquisition and processing we used fully automated Singo VA15 software. Spectra were recorded bilaterally from the superior parietal region using a 135 ms point resolved spectroscopy (PRESS) sequence (128 summations). The spectroscopic volume of interest (VOI) was 15615615 mm. The areas of N-acetyl-aspartate (NAA), creatine-phosphocreatine (Cr-PCr), and choline (Cho) signals were determined using automatic processing procedures. The following metabolic ratios were then calculated: NAA/Cho, NAA/Cr-PCr, and Cho/Cr-PCr. A spectrum was considered abnormal when one of the calculated metabolic peak ratio values was lower or higher than the lowest or highest value found in our control population in the same region of interest. In the control population, the NAA, Cho, or Cr-PCr signal asymmetry between spectra recorded in the two parietal regions was less than 10%.
Electroencephalography
Conventional EEG was undertaken in six patients using a Brainlab-Schwartzer digital apparatus with 19 channels. Sample frequency was 250 Hz and electrode impedance was kept below 5 kV. Spectral analysis was conducted on the signal coming from monopolar derivations (versus a common reference) in the following conditions: resting basal with eyes Abbreviations: CBD, corticobasal degeneration; EEGq, EEG cartography; MRI, magnetic resonance imaging; MRS, proton magnetic resonance neurospectroscopy; TDM, tomodensitometry Table 1 Clinical and paraclinical features of the patient population The abnormalities specified are those on the predominant side only. The year of clinical observation or paraclinical examination is given in brackets. All MRI/MRS examinations were done in the year 2001. For MRS, ''abnormal'' means lower or higher than the lowest or highest control value. *The percentage in brackets followed by ''v CL'' indicates the loss of signal compared with the contralateral side (CL).
F, female; EEGq, EEG cartography; hF, hypofixation (hypoperfusion); M, male; MRI, magnetic resonance imaging; MS, motor signs; NPS, neuropsychological signs; SPECT, Tc-99m HMPAO single photon emission computed tomography; TDM, tomodensitometry.
closed and still; hyperventilation; and intermittent photic stimulation. Each signal, analysed by Fourier transform, was constituted by summation of several two-second epochs in a stationary electrophysiological state, in the absence of artefact, corresponding to a signal duration varying from 12 to 30 seconds. The absolute power spectrum, calculated under each electrode (in mV 2 ) with a frequency resolution of 0.5 Hz, was carefully analysed. The absolute power spectral maps were then displayed. In these maps, the mean spectral power was calculated for the beta (13-25 Hz), alpha (8-13 Hz), theta (5-7 Hz), and delta (1-4 Hz) frequency bands. All the spectral maps were calibrated from the absolute spectral power scale obtained in resting conditions.
RESULTS AND DISCUSSION
Patient population
We observe first, that all the patients in our population except one (No 8) presented with neuropsychological symptoms predominantly involving one hemisphere (aphasia, left hemisphere: patients 1, 2, 4, 6 7; visuospatial deficits, right hemisphere: patients 3 and 5); second, that in all the patients the motor signs detected during disease evolution and the neuropsychological evaluations were congruent with the MRS and EEGq results, indicating lateralised hemispheric damage (a right extrapyramidal syndrome with aphasia and a left extrapyramidal syndrome with visuospatial deficit); and third, that at the time of the MRS/EEGq examination, the clinical presentation remained clearly asymmetrical in seven patients, in agreement with TDM and SPECT results. In the remaining patient (No 7), the asymmetry was ambiguous.
MRS
Typical magnetic resonance spectra from a patient are shown in fig 1. In both spectra in this patient, we can see a significant decrease in the NAA/Cr-PCr ratio, more pronounced on the left, and marked asymmetry of the NAA signal, which is reduced by 26% on the left side compared with the right.
MRS was found to be abnormal in seven patients, and the metabolic asymmetry was more than 20% in five of these (table 1). All patients showed an abnormal decrease in the NAA/Cr-PCr ratio, and two of them had a disturbance of the Cho/Cr-PCr ratio. MRS correlated with NPS in all the patients, whatever their clinical presentation.
These results are in agreement with previous studies [5] [6] [7] showing metabolic impairment in all patients, and metabolic asymmetry when asymmetry of clinical symptoms was present. The frequent and substantial reduction of the NAA/Cho or NAA/Cr-PCr ratios, or both, pinpoint the severe neuronal damage in CBD. The reduction in the choline signal in two cases (Nos 6 and 8) is also an interesting finding related to a possible membrane defect. Such a membrane defect might be related to a global decrease in the enzymatic activity of Kennedy's pathway, as a part of the asymmetrical hypometabolism observed in CBD 1 2 (Kennedy's pathway is the pathway for phosphatidylcholine, and then phospholipid synthesis from choline, ATP, and glycerol 9 ). This hypothesis seems more probable than a reduction in brain acetylcholine content because, first, such a reduction has not been documented in CBD (in contrast to Alzheimer's disease), and second, an asymmetrical reduction in striatal dopamine has been found. 
Electroencephalography
The EEG cartography from patient No 6 is shown in fig 1  under resting and hyperventilation conditions. In the six patients examined (table 1), the EEG recording shows an alpha rhythm that is commonly present, and also the occurrence EEG abnormalities (generally enhanced by hyperventilation or intermittent photic stimulation) such as slowing and sometimes sharp waves in the delta or theta frequency range. These abnormalities were lateralised in five patients (in one after hyperventilation) and were bilateral in one. In our population, EEGq was always found to be abnormal, and the abnormalities were markedly enhanced by activation procedures such as hyperventilation. The location of the neurophysiological abnormalities detected using EEGq was in agreement with MRI, SPECT, and neuropsychological tests.
Our results contrast with those of Lu et al, 4 Rebeiz et al, 10 and Riley et al, 1 8 who have often found no significant modification of brain electrical activity in CBD. We can think of two possible explanations for these discrepancies: first, our patients may have had more advanced disease, and second, spectral analysis is more sensitive than standard visual inspection for detecting anomalies.
Finally, the asymmetrical EEGq pattern observed contrasts with the findings in Parkinson's disease, in which the EEG is often described as normal, becoming abnormal (with diffuse slowing) only in the most advanced cases, particularly in patients with pronounced akinesia.
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Correlations between neurochemistry and electrophysiology In the five patients who had both examinations, the EEG findings were correlated with the MR spectroscopy and the clinical and paraclinical examinations (in patients Nos 2, 4, 6, and 7); in patient No 5, the correlation was only obtained with hyperventilation and intermittent photic stimulation.
Conclusions
It is of interest to observe that in this degenerative disease, slowing of EEG activity correlates with a decrease in NAA. The marked correlation between the EEG findings and MRS in this asymmetrical disease when it becomes secondarily generalised forms a strong argument for an integrated concept of the brain pathology based on electrophysiology (classically) and neurochemistry. The pronounced decrease in this neuronal marker in the parietal regions, as well as the intense modification of the neuronal dynamics detected by EEGq, suggests significant and extended cortical degeneration. This pattern of neuronal loss or damage in CBD is probably different in topography, extent, and intensity from that found in Parkinson's disease. This could explain the extreme variability of the MRS results observed in Parkinson's disease, 12 in agreement with the neurophysiological features.
Further investigations will be undertaken to confirm the presence of unilateral degeneration in the early stages of CBD and the persistence of an asymmetrical pattern of degeneration during the course of the disease based on the metabolic and neurophysiological abnormalities.
Our study suggests that a simple strategy combining MRI with two neurospectroscopic acquisitions and quantitated standard EEG with careful spectral analysis could be a useful diagnostic tool for CBD in the early stages of the disease.
